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2. HEALTH EFFECTS
2.1 | NTRODUCTI ON

The primary purpose of this chapter is to provide public health officials,
physi ci ans, toxicologists, and other interested individuals and groups with an
overal | perspective of the toxicology of boron and compounds and a depiction of
significant exposure |levels associated with various adverse health effects. It
contains descriptions and eval uati ons of studies and presents |evels of significant
exposure for boron based on toxicol ogi cal studi es and epi demi ol ogi cal investigations.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons living or
wor ki ng near hazardous waste sites, the information in this section is organized
first by route of exposure-- inhalation, oral, and dernal--and then by health effect-
-death, systenic, imunol ogical, neurological, devel opnental, reproductive,
genot oxi ¢, and carcinogenic effects. These data are discussed in terns of three
exposure periods--acute (less than 15 days), internedi ate(15-364 days), and chronic
(365 days or nore).

Level s of significant exposure for each route and duration are presented in
tables and illustrated in figures. The points in the figures show ng no-observed-
adverse-effect |evels (NOAELs) or | owest-observed-adverse-effect |evels (LOAELS)
reflect the actual doses (levels of exposure) used in the studies. LOAELs have been
classified into "l ess serious" or "serious" effects. These distinctions are intended
to help the users of the docunent identify the |levels of exposure at which adverse
health effects start to appear. They should also help to determ ne whether or not the
effects vary with dose and/or duration, and place into perspective the possible
significance of these effects to hunan health.

The significance of the exposure | evels shown in the tables and figures may
di ffer depending on the user's perspective. For exanple, physicians concerned with
the interpretation of clinical findings in exposed persons may be interested in
| evel s of exposure associated with "serious" effects. Public health officials and
proj ect managers concerned with appropriate actions to take at hazardous waste sites
may want information on | evels of exposureassociated with nore subtle effects in
humans or animals (LOAEL) or exposure |levels bel ow which no adverse effects (NOAEL)
have been observed. Estinates of |evels posing minimal risk to humans (M nimal Risk
Level s, MRLs) may be of interest to health professionals and citizens alike.

Esti mates of exposure levels posing mninmal risk to humans (MRLs) have
been made, where data were believed reliable, for the nost sensitive noncancer
ef fect for each exposure duration. MRLs include adjustnents to reflect human
variability fromlaboratory animal data to humans.

Al t hough net hods have been established to derive these | evels (Barnes
et al. 1988; EPA 1989a), uncertainties are associated with these techniques.
Furthernore, ATSDR acknow edges additional uncertainties inherent in the
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application of the procedures to derive less than lifetine MRLs. As an
exanpl e, acute inhalation MRLs may not be protective for health effects that
are del ayed in devel opnent or are acquired followi ng repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
ki nds of health effects data becone avail able and nethods to assess |evels of
significant human exposure inprove, these MRLs will be revised.

2.2.1 Inhal ati on Exposure
2.2.1.1 Death

No studies were | ocated regarding death in humans or aninmals after
i nhal ati on exposure to boron

2.2.1.2 Systemc Effects

No studies were | ocated regardi ng cardi ovascul ar, gastrointestinal
hemat ol ogi cal , nuscul oskel etal, or renal effects in humans after inhalation
exposure to boron. No studies were |ocated regarding dermal /ocul ar effects
after acute inhalation exposure in humans or animals for any duration
cat egory.

Informati on on respiratory, cardiovascul ar, gastrointestinal
hemat ol ogi cal , nuscul oskel etal, renal, and dermal/ocul ar effects is discussed
bel ow. The hi ghest NOAEL val ues and all reliable LOAEL val ues for these
systemc effects for each species and duration category are recorded in
Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. Boron (as boron oxide and boric acid dusts) has
been shown to cause irritation of the upper respiratory tract in hunmans.
Based on a nedi cal questionnaire from113 workers (96% nmal es, 4% f enal es)
enpl oyed in the borax industry for an average of 11 years, nean exposures of
4.1 ng/ M to boron oxide and boric acid dusts were associated with dryness of
the nouth, nose, or throat, sore throat, and productive cough (Garabrant
et al. 1984). While the authors reported differences between the test and
control groups in age and nunbers of snokers, no differences in synptons were
observed. Simlarly, synptonms of acute respiratory irritation were related to
exposures to borax dust at concentrations of 4 ng/ni or nore in a crosssectional
study of 629 borax workers actively enployed for 11.4 years (Garabrant et al. 1985).
Decreases in the forced expiratory volune (FEV,) were seen anong snokers who had
cumul ative borax exposures of 80 ng/m or greater but were not seen anong |ess
exposed snokers or anobng nonsnokers. Radi ographic abnornmalities were not found. It
was determined in a followup of the Garabrant et al. 1985 study that the cunul ative
borax exposure effect



TABLE 2-1. Levels of Significant Exposure to Boron and Compounds - Inhalation

Exposure LOAEL (effect)
Rey to frequency/ NOAEL Less serious Serlous
figure® Specles duration System (mg /m®) (mg/m®) (mg /m®) Reference Form
INTERMEDIATE EXPOSURE
Systemic
1 Rat 6-24 wk Resp 77 470 (respirtory Wilding BO
5d/vwk irritation) et al. 1959
6hr/d Cardio 77
Musc/skel 77
Renal 77
Gastro 77
2 Dog 23 wk Hemato 57 Wilding BO
et al. 1959
Neurological
3 Rat 6-24 wk 470 Wilding BO
- 5d/wk et al. 1959
6hr/d
Reproductive
4 Rat 6-24 wk 470 Wilding BO
5d/wk et al. 1959
6hr/d
CHRONIC EXPOSURE
Systemic
5 Human 11.4 yr Resp 4.1 (respiratory Garabrant BX
(mean) irritation) et al. 1985
6 Human 11.4 yr Resp 4.1 (resplratory Garabrant BX,
(mean) irritation) et al. 1984 BA,
Derm/oc 4.1 (eye irritation) BO

*The number corresponds to entries in Figure 2-1.

BA = boric acidi BO = boron oxide; BX = borax; Cardio = cardiovascular: d = day(s); Derm/oc = dermal/ocular;
Gastro = gastrointestinal; Hemato = hematological; hr = hour(s); LOAEL = lowest-observed-adverse-effect level;
Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week(s): yr = year(s)
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FIGURE 2-1. Levels of Significant Exposure to Boron and Compounds — Inhalation
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found previously was probably due to snmoki ng workers with | onger boron work

hi stori es and who snoke di sproportionately nore than those with shorter work
histories. There was no indication that borax exposure at the |evels studied
(up to 15 nmg/ m) inpaired pul nonary function (Wegman et al. 1991). Direct
irritation to nmucous nmenbranes of the nose and throat was al so studied by
Wegnan et al. (1991) using an irritation scoring systemtogether with realtine
neasur enents of borax exposure concentrations. The study concl uded t hat
borates 'are nild irritants. However, these effects are likely to occur at
concentrations exceeding 10 ng/ m (OSHA Pernissible Exposure Limt).

Ani mal studies suggest that the respiratory tract is susceptible to
boron toxicity. Rats exposed to 470 ng/ni boron oxide aerosol for 10 weeks
devel oped reddi sh exudates fromtheir noses, but there were no deaths or signs
of lung damage (WIlding et al. 1959). No changes were observed in rats in the
77 ng/ m dose group after 24 weeks of exposure, or in dogs exposed to a
concentration of 57 ng/m for 23 weeks (WIlding et al. 1959).

Car di ovascul ar Effects. Animal data are sparse. Rats exposed to
aerosol s of boron oxide at a concentration of 77 nmg/mi for 6 weeks showed no
hi st opat hol ogi cal effects in the cardi ovascul ar system (WIlding et al. 1959).

Gastrointestinal Effects. Aninmal data are sparse. No changes were seen
in the gastrointestinal tract of rats exposed to aerosols of boron oxide at a
concentration of 77 ng/m for 6 weeks (WIlding et al. 1959).

Hemat ol ogi cal Effects. Little is known concerning the effects of boron
in animals. Rats exposed to aerosols of boron oxide for |0-24 weeks (up to
470 ng/ m) and dogs for 23 weeks (57 ng/m) showed no significant changes in
total red and white blood cell count, henoglobin, hematocrit, and differenti al
count (Wlding et al. 1959).

Muscul oskel etal Effects. Aninmal data are sparse. No hi st opat hol ogi ca
ef fects of exposure were observed in the fenmur, rib, and nuscle of rats
exposed to aerosols of boron oxide at a concentration of 77 ng/ni for 6 weeks
(WIlding et al. 1959).

Renal Effects. Data on the effects of boron in animals are sparse. No
renal effects were observed in rats exposed to aerosols of boron oxide at a
concentration of 77 nmy/m for 6 weeks (Wlding et al. 1959).

Dermal / Ccul ar Effects. Human occupational exposure to a mean
concentration of 4.1 ng/ni (as boron oxide and boric acid dust) produced eye
irritation follow ng chronic exposures in workers enployed for an average of
11 years (Garabrant et al. 1984, 1985).

2.2.1.3 I munol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans or
animal s after inhalation exposure to boron.
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2.2.1.4 Neurological Effects

No studi es were | ocated regardi ng neurol ogical effects in hunans after
i nhal ati on exposure to boron. Adverse effects were not found on the brain of
rats exposed to aerosols of boron oxide at a concentration of 77 ng/ni for
6 weeks (WIding et al. 1959).

2.2.1.5 Devel opnental Effects

No studi es were | ocated regardi ng devel opnental effects in humans or
animal s after inhal ati on exposure to boron.

2.2.1.6 Reproductive Effects

Limted data were |ocated regardi ng reproductive effects in humans
after inhal ati on exposure to boron. One study was reported invol ving
occupational exposure (10 years or greater) to boron aerosols (22-80 ng/nm) in
mal es engaged in the production of boric acids (Tarasenko et al. 1972). The
study group was small, consisting of 28 nen. Low sperm counts, reduced sperm
notility and el evated fructose content of sem nal fluids were observed

In animals, no effects were found on the ovary or testes of rats exposed
to aerosols of boron oxide at a concentration of 77 ng/m for 6 weeks (WIding
et al. 1959).

2.2.1.7 Genotoxic Effects

No studies were | ocated regarding the genotoxic effects in humans or
animal s after inhalation exposure to boron. Genotoxicity studies are
di scussed in Section 2.4.

2.2.1.8 Cancer

No studies were | ocated regarding cancer in humans or aninals after
i nhal ati on exposure to boron.

2.2.2 Oral Exposure
2.2.2.1 Death

Studies in humans, particularly infants, show that boron (as boric acid)
can be lethal follow ng ingestion. Infants who ingested fornula accidentally
prepared with 2.5% aqueous sol ution of boric acid died within 3 days after
exposure (Wong et al. 1964). It was estimated that the anpunt of boric acid
consuned ranged from4.51 to 14 g. Although 5 of 11 infants died, the authors
provi ded hi stopat hol ogi cal data and weights for only 2 infants who had
i ngested 9.25 g (505 ng boron/kg/day) and 14 g (765 ng boron/kg/ day) (Wng
et al. 1964). Infants becane |ethargic and devel oped voniting and diarrhea.
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Degenerative changes were seen in the liver, kidney, and brain. Acute
exposure to dose |evels of 895 ng boron/kg as boric acid was not lethal in one
adult (Linden et al. 1986).

In animals, boron (as boric acid and borax) is lethal follow ng acute,
i nternedi ate, and chronic oral exposures. Estimates of oral LD,, in rats were
898 and 642 ng boron/kg (as boric acid and borax, respectively) (Snyth et al
1969) and 510 and 550 ng boron/ kg as borax and boric acid (Wir and Fi sher
1972). No deaths were reported in dogs exposed to 696 ng boron/kg as boric
acid and 738 ng boron/kg as borax (Wir and Fisher 1972). In a 14-day
repeat ed- dose feeding study in nale mce, doses of 2,251 and 3,671 ng
boron/ kg/ day (as boric acid) were lethal in 20% and 60% of nales, respectively
(NTP 1987). The nmice were lethargic and the spleen, liver, and renal medull ae
wer e di scol ored. Hyperplasia and dysplasia of the forestonmach were al so
observed (NTP 1987).

Survival was al so reduced in mce follow ng internedi ate-duration
exposure. Males (10% died after exposure to a dose of 288 ng boron/kg/ day
(as boric acid) in the diet, while 80% of males and 60% of fenal es died at
577 ngy boron/ kg/day (NTP 1987). Hyperkeratosis and/ or acanthosis in the
stomach and extranedul | ary hemat opoi esis of the spleen in both sexes were
observed at the highest dose tested (577 ng boron/kg/day). There was 100%
nortality in rats fed 263 ng boron/kg/day for 90 days (Weir and Fisher 1972).
Congestion of liver and kidneys, snmall gonads, and brain swelling were
reported. When nale mice consumed 48 and 96 ng boron/kg/day (as boric acid)
for 103 weeks, nortality was 40% and 56% respectively, conpared to 18%in
untreated controls (NTP 1987). No clinical signs were reported; however,
boron caused increased incidence of testicular atrophy and interstitial
hyperplasia. Mortality in female mce was 30% and 24% (48 and 96 ngy
boron/ kg/ day) conpared to 34%in the untreated controls (NTP 1987).

The LDs, val ues and the hi ghest NOAEL values in animals and the | owest
| evel at which death was reported in hunans and the duration categories are
recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.2 Systenic Effects

No studies were | ocated regarding respiratory effects in animals or
cardi ovascul ar or nuscul oskel etal effects in humans or animals after ora
exposure to boron.

Information on respiratory, gastrointestinal, henatol ogical, hepatic,
renal, and dermal/ocul ar effects is discussed bel ow. The hi ghest NOAEL val ues
and all reliable LOAEL values for these systemic effects for each species and
duration category are recorded in Table 2-2 and plotted in Figure 2-2.

Respiratory Effects. Wdespread vascul ar congesti on and henorrhages in
the lungs were reported in one infant who i ngested 505 ng boron/kg/day (Wng
et al. 1964).



TABLE 2-2. Levels of Significant Exposure to Boron and Compounds ~ Oral

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Specles Route duration System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Reference Form
ACUTE EXPOSURE
Death
1 Human (F) 3-5 4 505 (increased Wong et al. 1964 BA
mortality)
2 Rat (F) 1d 550 (LDSO0) Weir and Fisher BA
1972
3 Rat (3] 14d 642 (LDS50) Smyth et al. BX
1969
4 Rat (F) 14d 510 (LD50) Weir and Fisher BX
1972
5 Rat W) 14d 898 (LD50) Smyth et al. BA
1969
6 Mouse (F) 14 d 2251 (increased NTP 1987 BA
mortality)
7 Dog (C) 1d 738 Weir and Fisher BX
1972
8 Dog ) 1d 696 Weir and Fisher BA
1972
Systemic
9 Human (F) 3-5d Resp 505 (vascular Wong et al. 1964 BA
congestion,
hemorrhage in
infants)
Hepatic 505 (parenchymatous
degeneration,
jaundice,
fatty changes,
congestion in
infants)
Renal 765 (parenchymatous
degeneration,
reduced urine
output, protein
in urine in
infants)
Derm/oc 505 (extensive

shedding of skin)

C
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TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
10 Human (F) 3-5d Gastro 184 (vomiting, Wong et al. 1964 BA
diarrhea in
infants)
Derm/oc 505 (erythema,
desquamation
in infants)
11 Human (F) 1d Gastro 241 (vomiting, Linden et al. BA
diarrhea) 1986
12 Mouse (F) 14 4 Gastro 2251 (gastric hyper- NTP 1987 BA
plasia and
dysplasia)
Neurologlcal
13 Human (F) 3-54d 505 (perivascular Wong et al. 1964 BA
’ hemorrhage,
congestion,
thrombosis,
edema in infants)
INTERMEDIATE EXPOSURE
Death
14 Rat (F) 90 d 263 (100X mortality) Weir and Fisher BX
1972
15 Rat (F) 90 d 263 (100X mortality) Weir and Fisher BA
1972
16 Mouse (F) 13 vk 144 (increased NTP 1987 BA
mortality)
Systemic
17 Rat (F) 90 d Other 88 Weir and Fisher BX
1972
18 Rat (W) 3-14 wk Hepatic 20.8 Settimi et al. BX
1982
i9 Rat (W) 70 d Other 23.7 (decreased body Seal and Weeth BX

and spleen
welights)

1980

T
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TABLE 2-2 {(Continued)

Exposure LOAEL (effect)
Key to frequency/f NOAEL Less serious Serious
flgure* Specles Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
20 Rat (F) 90 d Other 88 (decreased body Welr and Fisher BA
welight) 1972
21 Dos (F) 904 Other “ Weir and Fisher  BA
1972
22 Dog (F) 90 d Hemato L3 44 (decreased packed Welr and Fisher BX
cell volume and 1972
hemoglobin)
Reurological
23 Rat (W) 3-14 wk 20.8 Settimi et al. BX
1982
Developmental
24 Rat (F) 20 d 13.6° (reduced fetal 28.4 (rib cage defects, Heindel et al. BA
weight) increased 1991
resorptions)
25 Mouse (F) 17 4d 43.4 79 (reduced fetsl 175.3 (skeletal Heindel et al. BA
body welight) effects, 1991
increased
resorptions)
Reproductive
26 Rat (F) 30-60 4 30 100 (testicular Lee et al. 1978 BX
atrophy,
decreased
enzymes)
27 Rat (W) 90 d 0.6 Dixon et al. BX
1976
28 Rat (F) 90 d 26 (partial 88 (complete atrophy Weir and Fisher BA
testicular of testes) 1972
atrophy)
29 Rat (F) 60 4 25 50 (reduced Dixon et al. BX
testicular 1979
enzymes,
reduced
testicular and
epididymal

weight)

KA
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TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious .
figure? Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
30 Rat (F) 90 d 26 (partial 88 (complete atrophy Weir and Fisher BX
testicular of testes) 1972
atrophy)
31 Rat W) 70 4 44.7 (impaired Seal and Weeth BX
spermatogenesls) 1980
32 Mouse (F) 13 wk 288 (degeneration or NTP 1987 BA
atrophy of
seminiferous
tubules)
33 Mouse (F) 27 wk 26.5 111 (impalred NIEHS 1990 BA
spermatogeneslis,
degeneration of
seminiferous
tubules)
34 Dog (F) 38 wk 29 (testicular Welr and Fisher BX
atrophy, 1972
spermatogenic
arrest)
35 Dog (F) 90 d 4.4 44 (severe testicular Weir and Fisher BX
atrophy) 1972
36 Dog (F) 38 wk 29 (testicular Welr and Fisher BA
atrophy, 1972
spermatogenic
arrest)
37 Dog (F) 90 d 4.4 44 (severe testicular Weir and Fisher BA
atrophy) 1972
CHRONIC EXPOSURE
Death
k1] Mouse (F) 103 wk 48 (40X mortality) NTP 1987 BA
Reproductive
39 Rat (F) 2 yr 17.5 58.5 (atrophy of Welir and Fisher BX

testes,
decreased testes
weight)

1972

2
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TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Speclies Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form

40 Rat (F) 3 gen 17.5 58.5 (atrophy of Weir and Fisher BA
testes, 1972
decreased
ovulation)

41 Rat (F) 3 gen 17.5 58.5 (atrophy of Weir and Fisher BX
testes, 1972 -
decreased
ovulation)

42 Rat (F) 2 yr 17.5 58.5 (atrophy of Weir and Fisher BA
seminiferous 1972
tubule
epithelium,
decreased tubule
size, decreased
testicular
weight)

43 Mouse (F) 103 wk 48 96 (testicular NTP 1987 BA
atrophy,
interstitial
hyperplasia)

44 Dog (F) 2 yr 8.75 Welr and Fisher BX

1972
45 Dog (F) 2 yr 8.75 Weir and Fisher BA

1972

*The number corresponds to entries in Figure 2-2.
*Used to derive an intermediate oral MRL of 0.01 mg/kg/day: dose divided by sn uncertainty factor of 1000 (10 for use of a LOAEL,

10 for extrapolation from animals to humans, and 10 for human variability).

BA = borlic acid; BX = borax; (C) = capsule; d = day(s): Derm/oc = dermal/ocular; (F) = feed; Gastro = gastrointestinal;
gen = generation; LDSO = lethal dose, 50X kill; LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect
level; Resp = respiratory; (W) = water; wk = week(s): yr = year(s)
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FIGURE 2-2. Levels of Significant Exposure to Boron and Compounds — Oral
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FIGURE 2-2 (Continued)
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Gastrointestinal Effects. Ingestion of boron in humans can cause
gastrointestinal effects. Nausea, persistent vonmiting, diarrhea, and colicky
abdom nal pain in infants were associated with acute ingestion of a total of
184 ng boron/ kg/day or greater (based on 1.9 kg body weight) as boric acid
whi ch was accidently incorporated in infant fornula (Wng et al. 1964).
Vonmiting was the only sign-of boron toxicity in two adult ferales who had
i ngested 241 ng boron/kg/day as boric acid in a fungicide and 895 ng boron/ kg
of a boric acid-containing insecticide in a suicide attenpt, The subjects were
hospitalized for 24-96 hours and did not devel op further synptons follow ng
rel ease (Linden et al. 1986).

Hemat ol ogi cal Effects. Two male and three fenal e dogs fed 44 ny
boron/ kg/ day as borax had decreased packed cell volune and henogl obi n val ues.
Erythrocyte count, total and differential |eucocyte counts were conparable to
control levels (Wir and Fisher 1972).

Hepatic Effects. Case reports in humans suggest that the liver is
susceptible to boron toxicity at high dose levels (Wng et al. 1964).
Jaundi ce has been reported, and there were nild alterations at histol ogica
exam nation in infants who i ngested 505 or 765 ng boron/kg/day as boric acid
(accidentally incorporated in infant fornula) for 3-5 days (Wng et al. 1964).
In the same incident, congestion and fatty changes were observed, and there
was par enchymat ous degeneration in newborn infants who i ngested 505 or 765 ng
boron/ kg as boric acid for 3-5 days (Wng et al. 1964).

In rats given approxinately 20.8 ng boron/kg/day as borax in drinking
wat er, NADPH- cytochrone C reductase activity and cytochrone b, content
decreased in the liver mcrosonal fraction after 10 and 14 weeks (Settim
et al. 1982). There was also a reduction in the cytochrone P-450
concentration detected at 14 weeks (Settim et al. 1982).

Renal Effects. Human case reports involving high accidental ingestion
| evel s show that boron can cause injury to the ki dney. Degenerative changes
in parenchymal cells with oliguria and al bum nuria have been denpbnstrated in
two newborn infants after ingestion of 505 and 765 ng boron/kg/ day as boric
acid in an evaporated mlk fornula over a period of 3-5 days (Wng et al
1964).

Dermal / Ccul ar Effects. Skin effects can occur follow ng ingestion of

boron (as boric acid) in humans. Extensive exfoliative dermatitis began in

i nfants as an erythema involving pal ns, soles, and buttocks. It eventually
became generalized with subsequent bul bous formation, nassive desquamati on

and sl oughing (Wng et al. 1964). These changes were associated with ingestion
of 505 ng boron/kg/ day; however, skin |esions were |acking follow ng ingestion
of 765 ng boron/kg/day. Simlarly, extensive erythema wi th desquamati on was
observed in an adult who ingested boric acid powder (Schillinger et al. 1982).
The exact ampunt ingested was not stated. However, 14 g (equivalent to 22.5 ng
boron/ kg based on 109 kg body wei ght) was neasured as m ssing froma container
fromwhich the patient admtted consuming half its contents.
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In animals, rats fed 88 and 263 ng boron/ kg/day as borax or boric acid
had i nfl amed eyes and skin desquanmations on the paws and tails (Wir and
Fi sher 1972).

2.2.2.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans or
animal s after oral exposure to boron

2.2.2.4 Neurological Effects

Case reports in humans have indicated neurol ogical effects after
accidental ingestion of high levels of boron (as boric acid). Newborn infants
who ingested 4.5-14 g boric acid showed central nervous systeminvol verment
mani f ested by headache, trenors, restlessness, and convul sions followed by
weakness and coma (Wong et al. 1964). Histol ogical exam nation of 2 of
11 infants reveal ed congestion and edema of brain and neninges with
perivascul ar henorrhage and intravascul ar thronbosis at a dose >505 ng
boron/ kg/ day (Wng et al. 1964). Seizure disorders have been associated with
boron exposures (as borax) in infants who ingested 4-30 g borax for 4-10 weeks
(O Sullivan and Tayl or 1983) and 9-125 g borax for 5-12 weeks (Gordon et al
1973). Estimates of boron consunption could not be determi ned since the
aut hors did not provide data on kil ogram body wei ghts. Bl ood boron levels in
pati ents who ingested borax ranged from2.6 to 8.5 pug/nL (O Sullivan and
Tayl or 1983). In one infant with a seizure di sorder who ingested borax for
3 nonths, the blood boron | evel was 1.64 ng/ 100 nL (Gordon et al. 1973).

In rats, exposure to approximtely 20.8 ng boron/kg/ day as borax (based
on wei ght of 0.35 kg and average water consunption of 20.7 nL) in drinking
water for up to 14 weeks caused increased cerebral succinate dehydrogenase
activity after 10 and 14 weeks of exposure (Settim et al. 1982). Increased
RNA concentration and increased acid proteinase activity in brain occurred
after 14 weeks (Settim et al. 1982).

Al'l LOAEL val ues for neurol ogical effects in hunmans and aninals are
recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans after
oral exposure to boron.

In animals, fetotoxicity was observed in rats and nice The average
fetal body weight per litter in rats was reduced in pups of dans adm nistered
13.6 ng boron/kg/day or greater (78 ngy/kg/day boric acid) on gestation days O
to 20 (Heindel et al. 1991). Simlarly, pups of nmice admnistered 79 ny
boron/ kg/ day (452 ngy/ kg/day boric acid) showed reduced body wei ght. Boron was
also teratogenic in rats and nmice. There was agenesis or shortening of rib
XIll and the lateral ventricles of the brain were enlarged in rats at dose
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| evel s of 28.4 ng boron/kg/day (163 ng/ kg/day boric acid) or greater (Heinde
et al. 1991). Skeletal effects were reported at the highest dose tested
(175.3 ng boron/kg/day or 1,003 ng/kg/day boric acid) in mce. No effects
were observed in the 43.4 ng boron/kg/day (248 ny/ kg/day boric acid) dose
group (Heindel et al. 1991). Based on a value of 13.6 ng boron/kg/day, an

i nternedi ate oral MRL of 0.01 ng/kg/day was cal cul ated as described in the
footnote on Table 2-2.

2.2.2.6 Reproductive Effects

No studies were | ocated regardi ng reproductive effects in humans after
oral exposure to boron.

Ani nal studies denonstrated that boron can cause injury after
i nternedi ate and chronic exposure to the gonads in aninmals, especially the
testes. Inpaired spermatogenesis has been reported in rats adm nistered
300 nyg/ boron/L as borax (44.7 ng boron/kg/day) in drinking water for 70 days
(Seal and Weeth 1980), but no reproductive effects were evident in rats
administered up to 6 ng boron/L of borax (0.6 nmg boron/kg/day) in drinking
water for 90 days (Dixon et al. 1976). Wile severe testicular atrophy was
seen in dogs fed up to 44 ng boron/ kg/day (1,750 ppm boron, as borax or boric
acid) for 90 days (Weir and Fisher 1972), partial testicular atrophy in rats
occurred at a dose of 26 ng boron/kg/day (525 ppm boron) (Weir and Fi sher
1972). Degeneration or atrophy of the seniniferous tubules was denonstrated
in mce fed 144 ng boron/kg/day as boric acid (5,000 ppm boric acid) (NTP
1987). In rats fed at |least 50 ng boron/kg/day (as borax) up to 60 days,
there were reduced testicular weight and germinal aplasia at 60 days (D xon
et al. 1979). In the same study, >50 ng boron/kg/day caused reduction in
hyal ur oni dase, sorbitol dehydrogenase, and lactic acid dehydrogenase
(i soenzynme-X) at 30 days and testicular and epididymal weights were reduced
(Di xon et al. 1979).

In contrast, Lee et al. (1978) did not find significant adverse effects
in male rats fed 50 ng boron/kg/day (as borax) for 30 and 60 days. Dogs were
fed 29 ng boron/kg/day as borax and boric acid (1,170 ppn), respectively in
the diet for 38 weeks (Weir and Fisher 1972). Testicul ar atrophy and
sper mat ogeni ¢ arrest were reported. Wien dogs were admi nistered 8.8 ng
boron/ kg/ day (350 ppm borax or boric acid) for 2 years, no reproductive
ef fects were observed (Weir and Fisher 1972). Reproductive effects were
reported in rats follow ng chronic exposure. In rats fed up to 58.5 ngy
boron/ kg/ day (as borax or boric acid) for several generations, there was a
[ ack of viable spermin atrophied testes and ovul ati on decreased in femal es
(Weir and Fisher 1972). There were testicular atrophy and interstitial
hyperplasia in mce that consunmed | ethal doses (48 and 96 ng boron/ kg/ day)
over a period of 103 weeks. However, the authors did not specify cause of
death (NTP 1987). In a 2-generation reproduction nobuse study using continuous
breedi ng protocol, there was degeneration of the sem niferous tubul es and
sper mat ogenesi s was inpaired at dose |levels of 111 ng boron/kg/ day
(636 ng/ kg/day boric acid) or greater. No effects were observed in the 27 ng
boron/ kg/ day (152 ngy/ kg/day boric acid) dose group (N EHS 1990).
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The hi ghest NOAEL values and all reliable LOAEL val ues for reproductive
effects in animals and duration category are recorded in Table 2-2 and plotted
in Figure 2-2.

2.2.2.7 Genotoxic Effects

No studies were | ocated regardi ng genotoxic effects in humans and
animal s after oral exposure to boron. Genotoxicity studies are discussed in
Section 2.4.

2.2.2.8 Cancer

No studies were | ocated regardi ng cancer in humans after oral exposure
to boron.

Inalife-time bioassay in which nale and femal e B6C3F, ni ce consuned
48 ng boron/ kg/day or 96 ng boron/kg/day as boric acid in the diet, there was
no evi dence of carcinogenicity (NTP 1987).

2.2.3 Dernmal Exposure
2.2.3.1 Death

No studies were | ocated regarding death in humans or aninmals after
dermal exposure to boron

2.2.3.2 Systemc Effects

No studies were | ocated regardi ng hematol ogi cal and dernmal / ocul ar
effects in humans and respiratory, cardi ovascul ar, gastrointestinal
nmuscul oskel etal, hepatic, or renal effects in humans or animals after derna
exposure to boron

Al reliable LOAEL val ues for systemc effects in each species and
duration category are recorded in Table 2-3.

Hemat ol ogi cal Effects. Data are sparse in animals. It was reported in
Drai ze and Kelley (1959) that the application of 25-200 ng/kg/day boric acid
i n aqueous solution did not produce hematol ogi cal changes when rubbed onto
intact skin during a 90-day rabbit study. No quantitative data were provided;
therefore, these results could not be eval uated.

Dermal / Ccul ar Effects. Aninmal studies show that boron oxi de dust can
affect the eye and skin. Instillation of boron oxide dust (50 ng) into the
eyes of four rabbits produced conjunctivitis (Wlding et al. 1959).
Application of 1 g boron oxide dust to a 25 cnf area of the skin of four
rabbits produced erythema that lasted for 2-3 days (Wlding et al. 1959).



TABLE 2-3. Levels of Significant Exposure to Boron and Compounds - Dermal -

Exposure LOAEL (effect)
frequency/ NOAEL Less serious Serious
Specles duratlion System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
ACUTE EXPOSURE
Systemic
Rabbit 1d Derm/oc 13 (conjunctivitis) Wilding } BO
Derm/oc 1* (erythema) et al. 1959

*Original unit provided by author was 1 g/cm®.

BO = boron oxide; d = day; Derm/oc = dermal/ocular; LOAEL = lowest-observed-adverse-effect level;
ROAEL = no-observed-adverse-effect level

T
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No studies were | ocated regarding the follow ng health effects in humans
or animals after dernal exposure to boron

.3 Immunol ogi cal Effects
.4 Neurol ogical Effects
.5 Devel opnmental Effects
.6 Reproductive Effects
.7 CGenotoxic Effects
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Genotoxicity studies are discussed in Section 2.4.
2.2.3.8 Cancer

No studies were | ocated regardi ng cancer effects in hunans or aninals
after dermal exposure to boron

2.3 TOXI COKI NETI CS
2.3.1 Absorption
2.3.1.1 Inhal ati on Exposure

No quantitative studies were | ocated regardi ng absorption in humans or
animal s after inhalation exposure to boron. Reports of upper respiratory
tract synptons follow ng exposure to boron oxide and boric acid dusts suggest
boron can deposit in the upper airway (Garabrant et al. 1984, 1985).

2.3.1.2 Oal Exposure

No quantitative studies were | ocated regardi ng absorption in humans or
animal s after oral exposure to boron and conpounds. Gastrointestina
absorption was indicated in hunans as evident by the urinary recovery of 93.9%
of the ingested dose of boric acid when urine sanples were cal cul ated over a
96 hour period (Jansen et al. 1984a). Neurol ogical, kidney, and |iver danage
foll owi ng ingestion further suggest that boron can be absorbed (Wng et al
1964).

2.3.1.3 Dermal Exposure

No quantitative studies were | ocated regardi ng boron absorption in
humans or animals after dermal exposure. Urinary excretion studies in humans
(Section 2.3.4.3) suggest there is very little absorption of boron through
intact skin. Excretion studies (Section 2.3.4.3) in rabbits suggest that
boron is readily absorbed foll owi ng contact wi th damaged skin (Draize and
Kel | ey 1959).
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2.3.2 Distribution

No quantitative studies were |ocated regarding distribution in humans or
animal s after exposure to boron and conpounds by the follow ng routes:

2.3.2.1 Inhal ati on Exposure
2.3.2.2 Oral Exposure
2.3.2.3 Dermal Exposure
2.3.3 Metabolism

No studies were | ocated regardi ng netabolismin humans or animals after
exposure to boron or boron conmpounds by the follow ng routes:

.1 Inhal ati on Exposure
.2 Oral Exposure
.3 Dermal Exposure

N
W wow
ww w

2.3.4 Excretion
2.3.4.1 Inhal ati on Exposure

No studies were | ocated regarding excretion in humans after inhalation
exposure to boron. In rats that inhal ed average concentrations of 77 ng/ni
boron oxi de aerosols over a 22 week period, an average of 11.90 ng boron/ kg/ day
was detected in the urine conpared to 0.24 ng/kg/day in untreated control groups
(WIlding et al. 1959).

2.3.4.2 Oal Exposure

Over 93% of the administered dose was excreted in the urine of six male
human vol unteers 96 hours after administration of a single oral dose of 1.9 ngy
boron/ kg (as boric acid) (Jansen et al. 1984a). An anal ysis of nine cases
i nvol ving boric acid poisoning revealed a nean half-life of 13.4 hours
(4-27.8). There was no correlation between half-life and cal cul ated serum
boric acid level at t, (r=0.08, p=0.84) (Litovitz et al. 1988). Boric acid
was detected in urine of patients 23 days after a single ingestion (Wang
et al. 1964).

In rabbits, 50% 66% of the adm nistered dose was recovered in urine
after ingestion of 17.1-119.9 ng boron/kg/day as boric acid (Draize and Kell ey
1959).

2.3.4.3 Dermal Exposure

Limted data in hunans suggest that very little absorption of boron
occurs through intact skin. There was no increase in the urinary excretion of
boron in one human subject follow ng the application of 15 g boric acid
(37.5 nmg boron/kg bw) on the forearmfor 4 hours (Draize and Kelley 1959).
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Ani mal studies support human findings. Draize and Kelley (1959) applied
200 ny/ kg as boric acid to intact, abraded or burnt, and partially denuded
skin of rabbits. Net urinary excretion of boric acid per 24 hours during
4 consecutive days of conpound treatnent was 1.4, 7.6 and 21.4 ny/ kg,
respectively (0.25, 1.3, and 3.7 ng boron/kg, respectively).

2.3.4.4. Other Exposure

In eight adult volunteers adm nistered a single dose of boric acid
(562-611 nmg) by intravenous infusion, 98.7% of the adm nistered dose was
recovered in urine 120 hours after injection (Jansen et al. 1984b). Rena
bl ood cl earance averaged 39.1 ni/nmin per 1.73 nf surface area in eight adult
human subj ects adm ni stered intravenous injections of 35 ng boron/kg (as
sodi um pentaborate). Urine boron concentrations on the day of admi nistration
averaged 1.19 ng/nL (Farr and Koni kowski 1963).

2.4 RELEVANCE TO PUBLI C HEALTH

Esti mates of |evels of exposure to boron posing nminimal risk to humans
(MRLs) have been made. These are discussed in Section 2.2 and were based on
data believed to be reliable for the nost sensitive noncancer effect for each
route and exposure duration. No data were |ocated on effects of acuteduration
i nhal ati on exposure in humans or aninmals nor on intermedi ate-duration
i nhal ati on exposure to boron in humans. Avail able information on internediate-
duration inhalation exposure in aninmals and chronic-duration inhalation exposure in
humans do not reliably identify the nbst sensitive target organ, No data on effects
of acute-duration oral exposure to boron in hunans or aninmals nor on internediate
exposure in humans were located. In aninmals, prenatal exposure of mce (79 ny
boron/ kg/ day as boric acid) and rats (13.6 ng boron/kg/day as boric acid) during
gestation days 0-17 and 0-20 caused devel opnental effects consisting of reduced feta
body wei ght or m nor skel etal changes and possibly delay in naturation (Hei ndel et
al . 1991). There was degeneration of the sem niferous tubules and inpaired
sper mat ogenesis in mce exposed to dose |levels of 111 ng boron/kg/ day as boric
acid for 2 generations (NI EHS 1990). In other studies involving internediate
durati on exposure, gonadal damage, primarily in the testes, was evident at
dose levels from26 to 288 ng/ kg/ day (NTP, 1987; Wir and Fisher 1972), but
not at dose levels of 0.6 and 25 ng/ kg/day (Di xon et al. 1976, 1979).
Exposure of dogs to boron (as boric acid or borax) in the diet for 38 weeks
caused testicular atrophy and spernatogenic arrest at dose levels of 29 ny
boron/ kg/ day (Weir and Fisher 1972). Based on a LOAEL val ue of 13.6 ngy
boron/ kg/ day for devel opmental toxicity, an internediate oral MRL of 0.01 ng
boron/ kg/ day was derived using an uncertainty factor of 1,000 (10 for use of a
LOAEL, 10 for extrapolation fromaninmals to humans and 10 for hunan
variability). However, testicular effects were reversible within 25 days
after conpound treatnent ceased. No effects were observed in rats fed diets
contai ning doses up to 8.75 ng boron/kg/day) for 2 years (Wir and Fisher
1972) . Because devel opnental toxicity occurred at dose levels |ess than those
for reproductive toxicity, the internmedi ate MRL based on devel opnent a
toxicity' should be protective agai nst reproductive toxicity follow ng chronic
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exposure. No data were located on effects of chronic-duration oral exposure

in humans. A chronic MRL was not derived. Acute-duration, internedi ateduration
and chronic-duration dernmal MRLs were not derived for boron due to the |ack of an
appropriate nethodol ogy for the devel opnment of dernmal MRLs.

No studi es have been found regardi ng i munol ogi cal effects of boron and
conpounds i n hunmans or animnals.

Deat h. Human studi es have shown that boron can be lethal follow ng
short-term exposure. The mnimal |ethal dose of ingested boron (as boric
acid) was reported to be 2-3 g in infants, 5-6 g in children and 15-20 g in
adults (Locatelli et al. 1987; Wng et al. 1964). No data were found on the
potential for boron to cause death in humans after intermedi ate and chronic
i nhal ati on and oral exposures. Liver, kidney, brain danage, and skin | esions
have been found in |lethal cases follow ng ingestion of boron, but death has
been attributable to respiratory failure. In other studies, chronic dernal
exposure to boron in neonates was fatal (Litovitz et al. 1988). There appears
to be a differential susceptibility with regard to death in adults. It has
been postul ated that increased conpetence of the adult kidney accounts for
adult tolerance to boron. Based on these findings, lethality my be an area
of concern foll ow ng neonate exposure to boron

Ani mal studies support human findings. Boron was |ethal after ingestion
for acute, internediate, and chronic duration exposures (NTP 1987; Smyth
et al. 1969; Weir and Fisher 1972).

System c Effects

Respiratory Effects. Synptons of acute irritation of the upper airway
were observed at borax and boric acid levels of 4 ng/ni or greater (Garabrant
et al. 1984, 1985). No adverse respiratory effects were observed in humans
followi ng internedi ate inhal ati on exposures. Chronic inhalation exposure
caused irritation of the upper respiratory tract (Garabrant et al. 1984,
1985). There were no changes in the FEV, and FVC in borax workers (Wgman
et al. 1991). Internmediate inhal ation exposure in animals caused irritation
of the nose (WIlding et al. 1959).

Gastrointestinal Effects. Boron or boron conpounds can result in
gastrointestinal disorders in humans follow ng acute and internedi ate ora
exposures. Most of the studies focused on clinical synptons including
vom ting and diarrhea. No data were found on bi ochem cal changes and linited
data were provi ded on hi stopat hol ogi cal effects. Infants appear to be
particularly susceptible to boron toxicity, possibly due to the fact that
their detoxifying enzyne systens are i mmture and there is greater
gastroi ntestinal absorption

No studies were |located in animals regarding gastrointestinal effects
fol |l owi ng boron exposure.
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Hepatic Effects. No adverse hepatic effects have been reported in
humans or aninals follow ng inhalation or dernmal exposure to boron or boron
conpounds. Acute oral exposure in humans caused congestion, fatty changes,
and parenchynat ous degeneration (Wng et al. 1964). No data were avail able on
bi ochem cal changes. It is not clear how boron affects the liver; however,
limted ani mal data suggest inpaired electron transfer and nacronetabolism
In studies with rats, boron interfered with flavin metabolismin flavoprotein
dependent pat hways (Settim et al. 1982). It is not clear if simlar effects wll
occur in hunmans.

Renal Effects. No adverse renal effects have been reported in humans or
animals followi ng inhalation of boron oxide, boric acid dust, or boron oxide
aerosol. Simlarly, dermal exposure to boric acid in humans or aninmals did
not adversely affect the kidneys. Renal tubular damage has been observed, and
t here.was reduced urine output in infants who consuned 505 ng boron/kg in
infant fornmula for 3-5 days (Whng et al. 1964). Since renal effects occurred
inonly a few cases and there is no confirm ng evidence in animals, the
potential for boron to cause renal effects cannot be conclusively established.

Dermal / Ccul ar Ef fects. Human occupati onal exposure to boron oxi de and
boric acid dusts in workplace air irritated the eyes (Garabrant et al. 1984).
I ngestion of |arge anmounts of boron (505 ng boron/ kg as boric acid) caused
extensive exfoliative dermatitis in humans (Wng et al. 1964). The
application of boric acid on the forearm of human subjects did not affect the
skin (Draize and Kelley 1959). Rabbits devel oped erythema when boron oxide
dust was applied to the skin and conjunctivitis was observed foll ow ng contact
wi th boron oxide dust (Wlding et al. 1959).

I mmunol ogi cal Effects. No studies were |ocated regarding the effects of
boron on the i mMmune systemin humans or animals after inhalation, oral, or
dermal exposure. In the absence of effects on target organs and direct tests
on i mmune function, the potential for boron to cause inmunol ogical effects in
humans cannot be concl usively eval uat ed.

Neur ol ogi cal Effects. No adverse neurol ogi cal effects have been
observed in humans or aninals follow ng inhalation or dermal exposure. Acute
and internediate oral exposures to boron and boron conmpounds caused vari ous
neur ol ogi cal responses in hunmans. Degenerative changes in brain neurons which
may have been an agonal effect were reported in one infant who consuned
505 ng boron/ kg as boric acid for 3 days (Wng et al. 1964). At a higher dose
(765 ng boron/kg), there was extensive vascul ar congestion, w despread
perivascul ar henorrhage, and intravascul ar thronbosis in another infant who
i ngested infant formula containing boric acid for 5 days (Wng et al. 1964).
Bi ocheni cal changes have al so been found. Cerebral succinate dehydrogenase
activity was increased in rats that ingested borate in drinking water for
| 0- 14 weeks, suggesting alteration in electron-transfer in the mtochondria
respiratory chain (Settim et al. 1982). Increased RNA concentration and
i ncreased acid proteinase activity in the brain also occurred (Settini et al
1982). Altered netabolismand brain tissue redox state suggest changes in
protein netabolism
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Based on these considerations, neurol ogical damage is an area of concern
foll owi ng exposure to boron at toxic |evels.

Devel opnental Effects. Devel opmental changes in rats and m ce have been
observed in offspring of dans exposed to 28.4 ng boron/kg/day and 175.3 ngy
boron/ kg/ day, respectively (Heindel et al. 1991). These effects have been
observed at dose levels in the same range as those produci ng changes in
sper mat ogenesi s. No epi dem ol ogi cal studies were |ocated regarding the
ef fects of boron on the devel oping fetus. Al though human data are | acking and
there are no direct quantitative studies regarding placental transfer of
boron, positive responses in two ani nal species suggest that devel opnenta
toxicity may be an area of concern in humans foll ow ng exposure to boron. The
LQAEL val ue of 13.6 ng boron/kg/day (Heindel et al. 1991) was used to
calculate an internmedi ate oral MRL of 0.01 ng/kg/day as described in the
footnote in Table 2-2.

Reproductive Effects. A study of 28 nale workers exposed to borate
aerosol s during the production of boric acid revealed | ow sperm counts in six
of these workers (Tarasenko et al. 1972). The authors reported exposure
concentrations ranging from22 to 80 ng/m. The overall reliability of these
data is reduced due to the small study group, It should al so be noted that
| ow spermcount is a naturally occurring phenonmenon. No studies were | ocated
regardi ng reproductive effects in humans after oral or dermal exposure.

In animals, boron affects gonads in dogs, rats, and mce. The testes
are particularly susceptible after internmediate ingestion (44 and 29 ng
boron/ kg/ day, respectively) (Seal and Weth 1980; Weir and Fisher 1972).
Fol | owi ng chronic oral exposure, no effects were observed at a dose of 8.75 ny
boron/ kg/ day (Weir and Fisher 1972). In spite of the absence of reliable
human data, linmited evidence of reproductive effects in animals suggest that
reproductive toxicity may be an area of concern follow ng boron exposure in
humans.

Genotoxic Effects. No studies were |ocated regarding genotoxic effects
of boron by inhalation, oral, or dermal exposure in humans and ani mal s.
Results were negative in bacterial assays and in the in vitro (Table 2-4)
manmmal i an assays, including tests for chronbsomal aberrations and gene
nmut ati on. Existing data suggest that genotoxicity is not an area of concern
foll owi ng exposure to boron in humans.

Cancer. No epi demi ol ogi cal studies were | ocated associ ating cancer and
boron exposure. In mice fed boron (as boric acid) for 103 weeks, the nunber
of tunors observed did not differ significantly fromuntreated control |evels
(NTP 1987). In the absence of human data and studi es from ot her ani mal
species, and the lack of evidence of nutagenic activity, the carcinogenic
potential of boron in humans cannot be determ ned concl usively.



TABLE 2-4. Genotoxicity of Boron In Vitro

Species (test system)

End point

Results

With
activation

Without
activation

Reference

Prokaryotic organisms:

Salmonella typhimurium
S. typhimurium
Escherichia coli

S. typhimurium

Mammalian cells:
Mouse lymphoms
Chinese hamster ovary

Gene mutation
Gene mutation
Gene mutation
Gene mutation

Gene mutation
Chromosomal aberration

Haworth et al. 1983
Benson et al. 1984

Demerec et al. 1951

NTP 1987

NTP 1987
NTP 1987

~ = negative result

2

SL0d443 HIIVIH

183



32
2. HEALTH EFFECTS
2.5 Bl OVARKERS OF EXPCSURE AND EFFECT

Bi omar kers are broadly defined as indicators signaling events in
bi ol ogi ¢ systens or sanples. They have been classified as nmarkers of
exposure, markers of effect, and markers of susceptibility (NAS/ NRC 1989).
A bi omarker of exposure is a xenobiotic substance or its netabolite(s) or the
product of an interaction between a xenobiotic agent and sone target
nol ecul e(s) or cell(s) that is neasured within a conpartnment of an organi sm
(NAS/ NRC 1989). The preferred biomarkers of exposure are generally the
substance itself or substance-specific nmetabolites in readily obtainable body
fluid(s) or excreta. However, several factors can confound the use and
i nterpretation of biomarkers of exposure. The body burden of a substance nay
be the result of exposures fromnore than one source. The substance being
neasured may be a netabolite of another xenobiotic substance (e.g., high
urinary |l evels of phenol can result from exposure to several different
aromati ¢ compounds). Depending on the properties of the substance (e.g.
bi ol ogic half-l1ife) and environnental conditions (e.g., duration and route of
exposure), the substance and all of its nmetabolites may have | eft the body by
the tine biologic sanples can be taken. It nmay be difficult to identify
i ndi vidual s exposed to hazardous substances that are commonly found in body
tissues and fluids (e.g., essential mineral nutrients such as copper, zinc,
and sel enium. Biomarkers of exposure to boron and conpounds are di scussed in
Section 2.5. 1.

Bi omar kers of effect are defined as any mneasurabl e bi ochem cal
physi ol ogic, or other alteration within an organismthat, dependi ng on
magni t ude, can be recogni zed as an established or potential health inpairnent
or disease (NAS/NRC 1989). This definition enconpasses biochem cal or
cellular signals of tissue dysfunction (e.g., increased liver enzyme activity
or pathologic changes in female genital epithelial cells), as well physiologic
signs of dysfunction such as increased bl ood pressure or decreased |ung
capacity. Note that these markers are often not substance specific. They
al so may not be directly adverse, but can indicate potential health inpairnment
(e.g., DNA adducts). Biomarkers of effects caused by boron and conpounds are
di scussed in Section 2.5.2.

A bi omarker of susceptibility is an indicator of an inherent or acquired
l[imtation of an organisms ability to respond to the chall enge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in
absorbed dose, biologically effective dose, or target tissue response. If
bi omar kers of susceptibility exist, they are discussed in Section 2.7,

" POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Biomarkers Used to ldentify and/or Quantify Exposure to Boron

Boron in blood and urine can be used as an indicator of exposure to
boron. Normal dietary concentrations of boron in the blood of humans range
fromO to 1.25 pg/nL in children and infants (Fisher and Freinuth 1958;

O Sullivan and Tayl or 1983). Boron blood | evels (reported as borate) of
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20-150 ug/ mL have been associated with adverse systemc effects in infants who
i ngested boric acid in infant fornmula (Wng et al. 1964). Boron
concentrations, expressed as borate, reported in fatal cases vary from 200 to
1,600 pg/mL in infants (Wng et al. 1964). In adults, a serumboron |evel (as
boric acid) of 2,320 pg/nL was not associated with significant toxicity
(Linden et al. 1986).

Urinary excretion |evels can al so be useful indicators of elevated tota
body burden of boron. Concentrations of boron in the normal popul ation range
from0.07 to 0.15 ng/ 100 nmL (Vignec and Ellis 1954) and 0.004 to 0.66 ng/ 100 nL
(I'mbus et al, 1963). In one infant, the urine contained 13.9 ng boron/L as borax or
1.38 ng boron/m of boric acid follow ng ingestion of a borax and honey m xture over
a period of 12 weeks (Cordon et al. 1973). Virtually conplete urinary excretion was
i ndi cated by the recovery of 93.9% (over a 96-hour collection period) of a boric acid
solution ingested by three human vol unteers (Jansen et al. 1984a).

Neur ol ogi cal , dermal, gastrointestinal, liver, and kidney effects in
humans have been associated with exposure to boron. Studies in aninmals have
denonstrated gonadal injury. Various clinical and biochem cal tests exist
that may provide useful information on exposure. However, simlar effects are
caused by a variety of other substances and are, therefore, not specific for
boron exposure.

2.5.2 Biomarkers Used to Characterize Effects Caused by Boron

Central nervous systeminjury, gastrointestinal effects, and skin danmage
are characteristic mani festations of boron toxicity in humans. Liver and
ki dneys in humans and testes in animals can also be affected. Various
clinical and bi ochem cal changes associated with these effects may be neasured
to detect the extent of exposure to boron. There is no single biologica
i ndi cator of boron exposure; consequently, several paraneters nust be neasured
i ncluding boron levels in urine and bl ood and bi ocheni cal changes for systenic
and neurol ogi cal effects.

Neur ol ogi cal danage has been reported in humans. Neurol ogical effects
reported in humans have focused primarily on histopathol ogi cal alterations.
No data were provided on biochenical changes. In animals, testicular atrophy
and reduced sperm production have been denonstrated follow ng chronic boron
exposure. There are clinical and biochem cal tests to detect neurol ogical and
gonadal injury, but these are not specific for boron exposure. Sparse data
in ani mal s suggest sone bi ochem cal changes; for instance, cerebral succinate
dehydr ogenase was increased in rats after boron exposure. Aninmal data further
denonstrate biochenical alterations follow ng gonadal injury. Dose-dependent
reduction in hyal uroni dase, sorbitol dehydrogenase, and lactic acid
dehydr ogenase (isoenzyne-X) were observed in rats follow ng boron exposure.
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2.6 | NTERACTI ONS W TH OTHER CHEM CALS

No studies were | ocated regarding the influence of other chenicals on
the toxicity of boron

2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE
Neonat al children are unusually susceptible to boron exposure.
2.8 M TI GATI ON OF EFFECTS

This section will describe clinical practice and research concerning
net hods for reducing toxic effects of exposure to boron. This section is
intended to informthe public of existing clinical practice and the status of
research concerning such nmethods. However, because sone of the treatnents
di scussed may be experinmental and unproven, this section should not be used as
a guide for treatnent of exposures to boron. Wen specific exposures have
occurred, poison control centers and nedi cal toxicol ogists should be consulted
for nmedi cal advice.

Human exposure to boron may occur by inhal ation, ingestion, or dernal
contact (see Chapter 5). Boron in the formof boric acid or borate dust is an
upper respiratory tract irritant followi ng inhalation and may also irritate
the eyes and skin. Ingestion of boron may cause gastrointesti nal
neur ol ogi cal, hepatic, renal, and dermal effects (see Section 2.2). Cenera
recomendati ons for reduci ng absorption of boron followi ng exposure have
i ncl uded renoving the exposed individual fromthe contam nated area and
renoving the contaninated clothing. If the eyes and skin were exposed, they
are flushed with water.

Nausea, voniting, and diarrhea have been induced by ingestion of boron
i n hunans. Sone aut hors reconmend reduci ng absorption of boron fromthe
gastrointestinal tract by adnm nistration of enmetics (e.g. syrup of ipecac) and
cathartics (e.g. magnesiumsul fate) (Stewart and McHugh 1990). Caution should
be, however, taken not to induce further damage to the esophageal mucosa or to
cause aspiration of the vonmit into the lungs during enesis. There is
di sagreenment regarding the efficiency of activated charcoal in preventing
absorption of boron fromthe gastrointestinal tract follow ng oral exposure
(El'l enhorn and Barcel oux 1988; Stewart and MHugh 1990). It has been
suggested that activated charcoal be adm nistered followi ng gastric
evacuation, but its effectiveness has not been established (ElIenhorn and
Bar cel oux 1988). Administration of intravenous fluids may be required if
severe dehydration or shock devel op and | ocal skin care may be necessary if
skin desquanmation occurs (Stewart and McHugh 1990). In addition, the
treat ment of boron poisoning may request a control for convul sions.

El emental boron is not netabolized (see Section 2.3). Studies in human
volunteers indicated that nbost of the adm nistered dose is excreted in the
urine within few days (Jansen et al. 1984a).
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Saline diuresis has been suggested to further enhance urinary excretion
of boron (Goldfrank et al. 1990). Exchange transfusions, peritoneal dialysis,
or henodi al ysis may be enployed to | ower plasma boron |l evels follow ng either
acute or chronic intoxication. There are indications that henodialysis is the
nost effective of these procedures (Goldfrank et al. 1990; Stewart and MHugh
1990). Additional details regarding treatnent of boron intoxication may be
found in the cited references.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Adm nistrator of
ATSDR (in,consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of boron is available. Were adequate information is not
avai |l abl e, ATSDR, in conjunction with the National Toxicol ogy Program (NTP)
is required to assure the initiation of a program of research designed to
determ ne the health effects (and techni ques for devel opi ng nmet hods to
determi ne such health effects) of boron

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

2.9.1 Existing Infornmation on Health Effects of Boron

The existing data on health effects of inhalation, oral, and derma
exposure of humans and animals to boron are summuarized in Figure 2-3. The
purpose of this figure is to illustrate the existing i nformati on concerning
the health effects of boron. Each dot in the figure indicates that one or
nore studies provide infornmation associated with that particular effect. The
dot does not inply anything about the quality of the study or studies. Gaps
in this figure should not be interpreted as "data needs" infornmation

Most of the information concerning health effects of boron in humans is
found in case reports of accidental acute and internedi ate i ngestion of boron
No i nformati on was found on effects after chronic ingestion. Those effects
associ ated with inhalation occurred foll owi ng chronic exposure in the
wor kpl ace. No information was found on effects of boron after acute and
i nternedi ate inhal ati on exposures. Information on acute dermal exposure
exi st, but none was found on effects after intermediate and chroni c exposures.

In animals, information exists on the acute, internmediate, and chronic
i ngestion of boron. Those effects associated with inhalation of boron
occurred followi ng intermedi ate exposures. No information was found on health
ef fects of boron after acute and chronic inhal ati on exposures. Boron does
cause health effects followi ng acute dermal exposure. No information was
found on health effects after internediate and chronic dernal exposures.
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FIGURE 2-3. Existing Information on Health Effects

of Boron
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2.9.2 Data Needs

Acut e- Durati on Exposure. There are data indicating mld upper
respiratory irritation in humans from acute inhal ation of borate dusts (Wgman
et al. 1991). Information on the effects of a single oral exposure to boron
conpounds in humans and ani mal s have provi ded data on lethal effects, while
injury to the lungs, brain, kidneys, and |liver have been reported in infants
(NTP 1987; Snyth et al. 1969; Wir and Fisher 1972; Wng et al. 1964). Many
of the human data are derived fromcase reports involving toxic effects in
infants. No adverse health effects have been denonstrated in hunmans after
dermal exposure. However, dermal/ocular effects have been associated with
dernmal exposure in animals (Wlding et al. 1959). The irritation effects
observed were probably due to the exothernic rehydration reaction of the
anhydri de boron oxide. Wile existing data are sufficient to identify target
organs, additional oral and dermal studies nmay clarify dose-response
relationships in target tissues and identify a threshold for systemc effects
due to a single-dose exposure. Human and ani mal data were not sufficient to
derive acute oral and inhalation MRLs. Existing data provide qualitative
evi dence of toxic effects; however, data gaps exist relative to concentration
and effects in the target tissues.

I nt er nedi at e- Durati on Exposure. No studies were |ocated in humans after
i nternedi at e exposure to boron conpounds by any route of exposure. Borates
are not absorbed through intact skin (Draize and Kelley 1959). No studies
were avail able on dernmal or inhalation exposure in animals; however, |etha
effects and injury to the gonads, particularly the testes, have been
denonstrated after oral exposure (Dixon et al. 1979; Lee et al. 1978; N EHS
1990b; NTP 1987; Seal and Weeth 1980; Weir and Fisher 1972). Data suggest
differences in sensitivity to boron conpounds anong ani mal species, wth dogs
nore sensitive than rats or nmice (Wir and Fisher 1972). Devel opnenta
effects were reported in nmice and rats after oral exposure (Heindel et al
1991). Data are sufficient to develop an internediate oral MKL. The MRL was
based on devel opnental toxicity in rats (Heindel et al. 1991). Although the
MEL value is lower than the average daily intake of boron, it should be noted
t hat reconmended daily all owance | evel s have not been established for boron
Further studies by other routes of exposure would be useful in confirmng
target tissues (e.g., testes) and effects on the fetus identified by the
primary exposure route. Al so, these data nay be used to further assess the
| evel of confidence in current NOAEL and LOAEL val ues. Additional data may
al so provide sone insight into the basis for differential susceptibility anmong
speci es which may be useful in assessing potential human risk.

Chroni c-Durati on Exposure and Cancer. Limted epidem ol ogi c studies
conducted in humans denonstrated that borate dust can affect the upper
respiratory tract and cause eye irritation follow ng inhal ati on (Gabarant
et al. 1984, 1985). Data were not sufficient to derive a chronic-duration
MEL. No studies were found on oral and dermal exposures in humans. Oral
studies in aninals denonstrated injury to the gonads and to the devel opi ng
fetus (NI EHS 1990a; NTP 1987; Wir and Fisher 1972). Existing oral studies
are sufficient to rule out effects on other organ systens or tissues (NTP
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1987; Weir and Fisher 1972). No studies were found on chronic dermal and

i nhal ation data in aninmals. Additional studies are needed to identify
critical effect levels. Although data are sufficient to develop a chronic
oral MRL, a value was not derived. Because devel opnental toxicity occurred at
dose levels less than those for reproductive effects, the intermedi ate MRL,
which is based on devel opnental toxicity, should be protective agai nst
reproductive toxicity followi ng chronic exposure. Additional studies would be
useful in assessing the | evel of confidence in existing NOAEL and LOAEL

val ues.

No epi demi ol ogi ¢ studi es have been conducted in humans regardi ng boron
exposure and cancer. Well-designed and wel |l -conducted case control or cohort
studi es woul d be useful in assessing risk to exposed humans. A long-termora
bi oassay in mce was negative. No studies on chronic dermal or inhalation
exposure eval uating carcinogenic potential in aninmals are avail able. The
absence of effects in one species is not sufficient to rule out the potentia
to cause cancer. Additional chronic studies of other species and various
doses woul d increase the |l evel of confidence in results reported in existing
st udi es.

Genotoxicity. No in vivo human data were | ocated. Bacterial and
limted manmal i an assays were negative (Benson et al. 1984; Denerec et al
1951; Haworth et al. 1983; NTP 1987). Considering the absence of nutagenic
effects in bacterial and nammalian tests eval uati ng gene mutation and
chronosonmal aberrations, genotoxicity nay not be an area of concern in humans.
Based on existing data, additional studies are not needed at this tine.

Repr oductive Toxicity. No studies were found on the effects of boron
conpounds on the reproductive systemin humans by any route of exposure. Oal
studies in aninals denmonstrated injury to gonads, particularly the testes
(Dixon et al. 1979; Lee et al. 1978; N EHS 1990; Seal and Weth 1980; Wir and
Fi sher 1972). No studies were found on chronic dernmal and inhal ati on studies
in animals. Sufficient data exist on the potential for boron conpounds to
affect nale reproductive organs in aninmals (N EHS 1990; NTP 1987; Weir and
Fi sher 1972). Data suggest that the severity of effects are species specific
(Weir and Fisher 1972). Additional studies would be useful to clarify dose
response rel ati onshi ps. Data suggest the fermal e reproductive systemis |ess
susceptible and is affected only at very high dose levels (NI EHS 1990; NTP
1987; Weir and Fisher 1972). Additional studies evaluating reproductive
effects in femal es may not be needed at this tine.

Devel opnental Toxicity. No studies were found on the devel opnent a
ef fects of boron and conpounds in humans foll owi ng inhal ation, oral, or derma
exposure. No data are available on the ability of boron to cross the placenta
or accunulate in fetal tissue. Studies in rats and mce indicate del ayed
devel opnent and structural defects, primarily in the rib cage, follow ng
continuous oral exposure in the diet during pregnancy (Heindel et al. 1991).
Exi sting ani mal data suggest additional testing would be useful in assessing
potential risk to hunmans.



39
2. HEALTH EFFECTS

| mmunot oxicity. No studies were found in humans or animals on the
ef fects of boron on the inmune system by any route of exposure. Results of
chroni ¢ studies do not suggest that the i nmune systemis a potential target
for boron toxicity. Additional studies are not needed at this tine.

Neurotoxicity. Case reports in humans, primarily infants, indicate that
neur ol ogi cal effects occur after ingestion of boron at high dose | evels (Wng
et al. 1964). Degenerative changes in brain cells, perivascul ar henorrhage,
and intravascul ar thronbosis have been reported in fatal case reports in
i nfants, but neurochem cal or neurophysiol ogi cal changes have not been
reported (Settim et al. 1982; Wng et al. 1964). No studies are available on
neurotoxic effects of boron follow ng inhalation or dernal exposure in humans.
Aninal data are limted to increased brain enzyne activity (Settim et al
1982), but no histopathol ogi cal data are avail able. Since data on effects are
limted primarily to acute oral exposures at high dose |levels, additiona
studies in aninals evaluating other dose | evels and exposure durations would
be useful in evaluating potential risk to hunmans who may be exposed to | ow
| evel s of boron conpounds near hazardous waste sites.

Epi deni ol ogi cal and Human Dosinmetry Studies. Information exists on the
adverse health effects of boron conpounds in humans. Studi es of workers
exposed to boron conpounds denonstrated that boron can cause mild irritation
of the eyes and respiratory tract (Garabrant et al. 1984, 1985). O her human
studi es involve case reports of accidental or intentional ingestion of |arge
guantities of boron conpounds (Litovitz et al. 1988; Locatelli et al. 1987).
The studies identified key health effects (lung, kidney, brain, and liver)
associ ated with boron exposure (Wng et al. 1984). Aninal studies indicated
the testes as a target tissue, Epidemiological studies of the birth rate of
occupati onal | y-exposed workers is currently underway at a major U. S. borate
production facility (U S. Borax and Chenical Corporation 1991).

Bi omar kers of Exposure and Effect. Blood and urine borate
concentrations are useful biomarkers of exposure (Jansen et al. 1984a;
Litovitz et al. 1988). The gastrointestinal tract, skin, and brain are
principal target organs foll owi ng boron exposure in humans. Studies in
ani mal s denonstrate that boron conpounds can al so cause gonadal injury,
particularly to the testes (Wir and Fisher 1972). Existing aninal studies
have established this effect as the nbst sensitive endpoint foll ow ng oral
exposure. Studies to determ ne other biomarkers would be useful in assessing
the potential human health risk.

Absorption, Distribution, Metabolism and Excretion. No quantitative
information is available on the absorption, distribution, and netabolism of
boron conmpounds; however, there are studies on the excretion of boron
followi ng oral (Jansen et al. 1984a; Litovitz et al. 1988) and inhal ation
(WIlding et al. 1959) exposures and after dernmml exposure (Draize and Kelley
1959). Since data on toxicokinetics of boron are limted, additional studies
are needed by all routes of exposure that will provide data on absorption
rates, extent of conversion in the body and amount and rate of accumulation in
various tissues. Limted data fromoral and dernal studies suggest that boron
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is primarily excreted in urine. Since boron can deposit in the upper
respiratory tract, additional excretion studies by this route would be usefu
in determning if excretion patterns are simlar across all routes of
exposure.

Conpar ati ve Toxi cokinetics. Existing evidence from human and ani mal
studi es do not indicate whether or not boron conmpounds affect the sanme target
tissues. Animal studies indicate the testes as a target tissue (D xon et al
1979; Lee et al. 1978; NI EHS 1990; Seal and Weth 1980; Weir and Fi sher 1972).
Dat a suggest differences in species sensitivity, with dogs nore sensitive than
rats and mice (Wir and Fisher 1972). No data have been found on potentia
reproductive effects of boron and conpounds in humans. Data exist on
excretion of boron conmpounds. Based on excretion studies, boron conmpounds are
absorbed by the gastrointestinal tract. There are no avail able quantitative
t oxi coki netics data on absorption, distribution, and netabolism Additiona
t oxi coki netics studies would be useful in assessing differences in species
sensitivity, and provide a better basis for extrapolation of aninal data to
human exposure ri sk.

Mtigation of Effects. Methods for the nitigation of acute effects of
boron poi soning include prevention of absorption of boron fromthe
gastrointestinal tract and standard procedures used to prevent convul sions,
severe dehydration or shock (Stewart and McHugh 1990). Saline diuresis,
exchange transfusions, peritoneal dialysis, or henodialysis may be enployed to
enhance renpval of absorbed boron fromthe body (CGol dfrank et al. 1990;
Stewart and McHugh 1990). No additional information was | ocated concerning
mtigation of effects of |lower-level or |onger-term exposure to boron.

Further information on techniques to mtigate such effects would be useful in
determ ning the safety and effectiveness of possible methods for treating
bor on- exposed popul ations in the vicinity of hazardous waste sites.

2.9.3 On-going Studies

The National Institute of Environnental Health Sciences (J. WIlians,
i nvestigator) is conducting a study on the disposition of boric acid in
sel ected target and nontarget tissues. The potential of boric acid to cause
in vivo riboflavin deficiency as a nechanismof the testicular toxicity is
being i nvestigated, as are the direct effects of boric acid applied to sertol
or leydig cells in primary culture fromnaive rats (CRI SP 1990).
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